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DISTRIBUTION STATEMENT (of this Report)
Approved for public release; distribution unlimited. AAdierential calorimeter designed to measure total hemispherical emittance and normal spectral absorptance as a function of temperature is described. The mathematical analysis necessary to calculate both of these parameters is presented. The experimental results obtained with a sample of SiC/A1 2 0 3 (silicon carbide/alumina) are discussed. It was found that the emittance of SiC/A1 2 0 3 is I at 200*t and decreases to about 0.81 at 700*C. The absorptance of CO 2 CW laser radiation (10.6 Pm) is 0.85 and remains constant within the range of 600 to 700*C.
III. THEORY 
II. APPARATUS AND CONTROLS
The high-temperature calorimeter designed for this experiment is shown in The operating range of the calorimeter is limited by the failure temperature of the cartridge heaters, which is between 750 and 800*C. To allow for overshooting, 700*C is the maximum temperature for taking data.
The minimum allowable temperature is dictated by the temperature controllers, which begin regulating at 200°C.
III. THEORY OF OPERATION
The temperatures of each of the two samples and the housing of the calorimeter are controlled independently. When a steady-state condition is achieved, i.e., when the housing and samples are the same constant temperature, the power input can be equated to the power output. The task is to account for all the power lost or gained by the sample. Therefore
where Pelec total electric power (as measured by the power transducers) needed to keep the sample at a specified temperature .rad power radiated by the surface being measured to its surroundings Pcond power conducted through the standoffs (due to small temperature differences between the sample heating block assembly and the carrier ring) Pexch power exchanged between the inside surfaces of the housing and the back surfaces of the sample heating block assembly P = fraction of the power (which originates at the sample heating block assembly) radiated by the gap between the sample and front plate Pcal power discrepancies (due to resistance losses and/or meter calibration) betveen the transducer reading and actual power
Prad is calculated as follows. According to the Stefan-Boltzmann Law and under the assumption that there are no reflections, the net power radiated by surface I in the presence of nearby surface 2 is
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The power conducted through eight standoffs holding the sample is calculated from the equation exposed to the interior cavity is completely enclosed by the inner surface of the housing. In this case the view factor F 1 , 2 is 1. (In fact, the same equation applies to two concentric spheres.)
The temperature of the housing is not uniform, a problem that becomes more pronounced as the temperature is increased. Each side has three main sections and, although the temperature within these sections remains reasonably constant, the temperature between them differs slightly. For example, when the calorimeter is operated at a temperature of 700*C, there is a temperature difference of about 7*C from the midsection to the front
plates. An effective temperature of the housing may be calculated by using a surface-area-weighted average, as follows:
where Ai is the interior area of a section and Ti is the corresponding tem-* perature (assumed to be constant within that section).
*The power radiated by the gap between the sample and the front plate was calculated by using an emittance of I (i.e., the gap was considered to be a blackbody cavity). As this power originates on the surfaces of the interior walls, a ratio of the back surface area of the sample heating block assembly to that of the total interior surface area must be proportional to the ratio of the power originating from the sample heaters to that of the total power radiated by the gap. Therefore 
Pnet Prad
Substituting for Prad from Eq. (2), the total hemispherical emittance 1 is
Laser absorptance as a function of temperature and wavelength my be determined, as with emittance, by first raising the housing and the two samples to the specified temperature with electrical power. Once steady state has been achieved, the front sample is illuminated with a laser (see 
This approach for measuring the absorptance of a material under laser radiation is particularly attractive. At equilibrium the temperature of the sample is the same before and after the laser is turned on. Therefore, the Data were taken at 100*C intervals in the range of 200 to 700*C. Values for the total hemispherical emittance were calculated by using Eq. (3). These results are presented in Table 1 . It was found that for SiC/A1 2 0 3 the emittance was I at 198*C and that it decreased to about 0.81 at 692*C.
Initially there was an unexpected problem in taking absorptance data. It was anticipated that laser power would replace electric power and that the temperature of the laser-illuminated sample would remain constant. In actual practice, this did not happen. During the limited laser exposure period, laser power did indeed replace electric power, but the sample stabilized at a temperature several degrees higher than the housing. To overcome this, it was necessary to begin laser illumination with the sample at a temperature a few degrees lower than the housing. This procedure yielded excellent results.
Measurements for laser absorptance were made at 600 and 700*C for several levels of laser flux. Values for the absorptance were obtained by using
Eq. (4)
. These results are presented in Table 2 . An actual absorptance curve is shown in Fig. 4 
VI.
DISCUSSION OF ERRORS
For measures of both the emittance and absorptance, the major source of error is in determining values for the electrical power that heats the . -sample. The error introduced by the measuring instruments, ±0.5%, is overshadowed by the effects that temperature differences in the housing have on the amount of power that heats the sample. These effects appear at both ends of the operating range. OFHC copper becomes highly reflective when heated in For the measurements of laser absorptance, the major source of error was * introduced by the difficulties in measuring the laser power. The C0 2 CW laser used was stable only within ±2 W of power delivered to the sample. This number was used to calculate the error. successful, the emittance and absorptance of the housing will be increased considerably, and the time to reach equilibrium will be greatly shortened.
The approach for establishing values for the total hemispherical emittance and normal spectral absorptance (under laser irradiation) of engineering materials described in this report shows promise. Some small changes should be made in the apparatus to reduce both temperature difference and the time necessary to reach equilibrium, but data already taken are consistent and repeatable. Testing of the thermo-optical properties of materials other than SiC/A1 2 0 3 will constitute the next phase of this work.
APPENDIX: CALCULATION OF VIEW FACTORS
In order to calculate view factors, axial symmetry is exploited. For two concentric circular areas the view factor is given by 
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LABORATORY OPERATIONS
The Laboratory Operations of The Aerospace Corporation is conducting experimental and theoretical investigations necessary for the evaluation and application of scientific advances to new military space systems. Versatility and flexibility 1-ve been developed to a high degree by the laboratory personnel in dealing with the many problems encountered in the nation's rapidly developing space systems. Expertise in the latest scientific developments is vital to the accomplishment of tasks related to these problems. The laboratories that contribute to this research are:
Aerophystcs Laboratory: Launch vehicle and reentry fluid mechanics, heat tranaer and flight dynamics; chemical and electric propulsion, propellant chemistry, environmental hazards, trace detection; spacecraft structural mechanics, contamination, thermal and structural control; high temperature thermomechanics, gas kinetics and radiation; cw and pulsed laser development including chemical kinetics, spectroscopy, optical resonators, beam control, atmospheric propagation, laser effects and countermeasures.
Chemistry and Physics Laboratory: Atmospheric chemical reactions, atmospheric optics, light scattering, state-specific chemical reactions and radiation transport in rocket plumes, applied laser spectroscopy, laser chemistry, laser optoelectronics, solar cell physics, battery electrochemistry, space vacuum and radiation effects on materials, lubrication and surface phenomena, thermionic emission, photosensitive materials and detectors, atomic frequency standards, and environmental chemistry.
Flectronics Research ahoratory: Microelectronics, CaAs low noise and power devices, semiconductor lasers, electromagnetic and optical propagation phenomena, quantum electronics, laser communications, ltdar, and electrooptics; communication sciences, applied electronics, semiconductor crystal and device physics, radiometrtc imaging; millimeter wave, microwave technology, and RP systems research.
Information Sciences Research Office:
Program verification, program translation, performance-sensitive system design, distributed architectures for spacehorne computers, fault-tolerant computer systems, artificial Intelligence and microelectronics applications. Materials Sciences Laboratory: Development of new materials: metal matrix composites, polymers, and new forms of carbon; nondestructive evaluation, component failure analysis and reliability; fracture mechanics and stress corrosion; analysis and evaluation of materials at cryogenic and elevated temperatures as well as in space and enemy-induced environments.
Space Sciences Laboratory: Magnetoapheric, auroral and cosmic ray physics, wave-particle interactions, magnetospheric plasma waves; atmospheric and ionospheric physics, density and composition of the upper atmosphere, remote sensing using atmospheric radiation; solar physics, infrared astronomy, infrared signature analysts; effects of solar activity, magnetic storms and nuclear explosions on the earth's atmosphere, ionosphere and magnetosphere; effects of electromagnetic and particulate radiations on space systems; space instrumentation. 
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